The objective of this experiment was to study the effect of dietary supplementation of Coenzyme Q10 on broiler growth rate, carcass characteristics and cost of production. A biological trial was carried out with 270 broiler chicks fed with coenzyme Q10 at 0, 20 and 40 mg/kg of diet at each of the three energy levels. At the end of 42 days growth period the birds were sacrificed and the samples were analysed. Feed intake was comparable in all the energy and CoQ10 combinations, but higher body weight gain and better feed efficiency with less feed cost per kilogram weight gain was observed in high energy group supplemented with 20 mg of CoQ10/kg diet. The dressing percentages, weight of giblet, liver, spleen, abdominal fat, intestinal length were not significantly altered by CoQ10 supplementation. The heart weight, gizzard weight and ascites heart weight (AHI) were significantly decreased due to CoQ10 supplementation. Hence, birds fed with high energy diet supplemented with 20 mg CoQ10 per kg of diet had higher production performance.
Introduction
The growth rate of broilers has increased over the decades as a result of continuous selective breeding by the broiler breeders (Schmidt et al. 2009 ). Feeding and management systems for this level of production had to be developed concurrently to exploit the full genetic potential. To achieve this, the poultry nutritionist attempt to increase the density of the nutrients in the diet. This leads to increased oxidative stress on the broilers and depresses the growth performance (Shi-bin et al. 2007) . Oxidative stress occurs when there is an imbalance between the production of oxygen radicals and antioxidants in the body. Reactive oxygen species (ROS) are mainly mitochondrial derived and directly affects the vascular remodeling and also causes pulmonary hypertension and growth rate (Bautista-Ortega et al. 2010) . Broilers fed to an energy dense diet were more susceptible to oxidative stress (Cardoso et al. 2010) , whereas restricted feeding decreases oxidative damage (Ozkan et al. 2010) . However, an early feed restriction has severely affected the growth performance and lipid metabolism in broilers (Zhan et al. 2007; Saber, et al. 2011) . To overcome this oxidative stress due to nutrient dense diets, few dietary additives like anti-stress -vitamins, minerals, antioxidants (lycopene, lutein), herbals like Withania somnifera (aswagantha), Ocimum tenuiflorum (tulsi), etc. have been tried with varying degree of success. Hence, there is a need for use of compounds which might protect the birds from oxidative stress and with better nutrient utilization efficiency. One such unique compound is Coenzyme Q10 (CoQ10) which involved in mitochondrial oxidative phosphorylation and also acts as an antioxidant.
Coenzyme Q10, a naturally occurring lipophilic antioxidant, present in the mitochondria of all body cells. Being a lipid-soluble compound, it is involved in the mitochondrial adenosine triphosphate (ATP) production -bioenergetics (Geng et al. 2004a ). Geng et al. (2007) observed a significantly higher body weight gain in broilers when CoQ10 was supplemented at 40 mg/kg of diet with comparable feed intake and feed efficiency. Huang et al. (2011) supplemented CoQ10 at 20 and 40 mg/kg of broiler diet and had significantly better body weight gain upto 21 days of age. Nakamura et al. (1996) got an increased survival rate and low ascites mortality when he supplemented CoQ9 at 0.2 per cent in broiler diet than the non-supplemented group and the body weight at 56 days and feed efficiency were not significant. CoQ10 in its reduced form acts as a free radical scavenger (Forstmark-Andre et al. 1997 ) and preferred over α-tocopherol (Tang et al. 2001) . Its major function in the blood is as an antioxidant (Alleva et al. 1997) . CoQ10 is involved in the prevention of lipid peroxidation and also in regeneration of the other endogenous antioxidants (Navas et al. 2007) . Serum or liver malonaldehyde (MDA) a product of lipid peroxidation was significantly decreased by CoQ10 supplementation (Geng et al. 2004a) , indicative lipid peroxidation prevention. The activity of superoxide dismutase (SOD) was found to increase in CoQ10 supplementation at 40 mg/kg in broiler diet (Geng et al. 2004b; Huang et al. 2011 ) and in rats (Lakomkin et al. 2005 ) and anti-ROS capacity in broilers was increased by CoQ10 supplementation (Geng et al. 2004b ). In broilers, only few studies using CoQ10 have been conducted with the objective of reducing ascites mortality in temperate regions. This study was carried out under prevailing local conditions where the cost of energy is very high and heat stress is chronic to know whether supplementation of CoQ10 could able to meet both these factors.
Materials and methods

Birds and diets
All procedures in the experiment were in carried out in accordance with the Institutional Animal Ethics Committee and conformed to the "Guidelines for the Care and Use of Animals in Research". The experiment was carried out during the month of October to December. The daily maximum and minimum temperature and relative humidity inside the experimental shed during the experimental period was recorded and temperature humidity index was calculated as per Tao and Xin (2003) THI broilers ¼ 0:85 X T db þ 0:15 X T wb where, THI = temperature humidity index,°C, T db = drybulb temperature,°C, T wb = wet-bulb temperature,°C. The mean maximum and minimum temperatures, relative humidity and temperature humidity index (THI) are presented in Vicas et al. (2009) against standard CoQ10 obtained from Sigma. The CoQ10 preparation used in this biological trial was quantified for CoQ10 and it was found to be 205 units or 205 mg per gram. The treatment includes three levels of CoQ10 namely 0, 20 and 40 mg/kg of diet each at three energy levels namely normal energy (NE) as specified by the breeder, low energy -LE (normal energy minus 100 kcal/kg of diet) and high energy -HE (normal energy plus 100 kcal/kg of diet). The treatments were labelled as NE without CoQ10, LE without CoQ10, HE without CoQ10 and 20 and 40 mg of CoQ10 supplemented in the above three levels of energy diet. All diets contain same levels of calorie: protein, calorie: lysine and calorie: methionine ratio. The ingredients and nutrient compositions were shown in the Table 2 .
Production parameters
The birds were reared under deep litter system and maintained under standard managemental practices for a period of 42 days. The individual body weight and replicate feed intake were recorded at day one, weekly intervals and body weight gain and feed efficiency were worked out. At the end of 42 days of growth period, nine male birds per treatment (three birds per replicate) were randomly selected sacrificed. The pre-slaughter, dressed, giblet, spleen, heart and abdominal fat weights and intestinal length were recorded. The right and left ventricles were separated and weighed. The ascites heart index was calculated using Huchzermeyer and Ruyck (1986) 
Ascites Heart Index AHI ð Þ ¼ weight of the right ventricle=weight of total ventricle Production score was used as an index in the production of broiler chickens (Suzuki and Shibata 1989) . It was calculated as follows: The economics of raising broilers upto six weeks with different levels of CoQ10 supplementation and nutrient density was calculated based on the actual cost of feed per kg weight gain.
Statistical analyses
The data collected on various parameters were analysed by one way ANOVA method as per the method of Snedecor and Cochran (1989) and the means of different experimental groups were tested for statistical significance (P < 0.05) by Duncan's multiple range test (Duncan 1955) .
Results
Production performance
The effect of CoQ10 levels and energy levels on the body weight gain, feed intake, feed efficiency and production score at biweekly intervals and overall (0 to 6 weeks) growth period are presented in Tables 3, 4 and 5 respectively.
In the 0-2 week's growth phase, the feeding of CoQ10 at 20 mg/kg in high energy diet had significantly higher body weight gain than the unsupplemented groups and normal and low energy birds fed with 20 or 40 mg/kg of CoQ10. During the 3-4 week's growth phase, there was no significant difference in body weight gain due to the CoQ10 supplementation at each energy level. However, in the 5-6 week's growth phase and 0-6 week's growth period supplementation of CoQ10 at either of the levels did not improve the body weight gain over the respective unsupplemented groups. The body weight gain (0-6 weeks) was significantly higher in high energy diet supplemented with 20 mg of CoQ10/kg (2129 g) when compared to the other energy (1900 to 1987 g) and CoQ10 levels except for high energy unsupplemented group (2062 g).
During the entire growth period there was no effect of CoQ10 at different energy levels on feed intake and feed efficiency. In the 5-6 weeks growth phase, the supplementation at both the levels of CoQ10 (20 and 40 mg/kg) did not alter the feed intake over the unsupplemented group. However, supplementation of CoQ10 in low energy diet at both the levels (20 and 40 mg/kg) reduced the feed intake and it was comparable to the normal and high energy diets. In the finisher phase, supplementation at both the levels of CoQ10 did not alter the feed efficiency over the respective unsupplemented groups. The production score was not significantly affected by CoQ10 supplementation over the respective unsupplemented energy groups. Numerically the feed efficiency and production score was best in high energy diet supplemented with CoQ10 at 20 mg/ kg.
Slaughter parameters and ascites heart index
The results of slaughter parameters -dressed weight, giblet weight, liver, spleen, gizzard weight, per cent of abdominal body fat and ascites heart index are presented in Table 6 . The CoQ10 supplementation did not affect the dressing per cent, giblet weight, gizzard, liver, spleen weight and intestinal length at various energy levels. Whereas, the weight of heart (per cent of body weight) was found to be significantly lower in low energy diet with 40 mg/kg of CoQ10 supplementation and high energy diet at 20 mg/kg of CoQ10 in diet over the respective unsupplemented groups. The abdominal fat percentage was significantly reduced by the CoQ10 supplementation at 40 mg/ kg in both normal and high energy but not in low energy diet fed birds. CoQ10 supplementation at 20 mg/kg did not affect the abdominal fat percentage. The reduction in the abdominal fat at 40 mg of CoQ10/kg in normal and high energy diet might have been due to the better utilization of energy for muscle growth, however, the performance in terms of body weight gain nor feed efficiency were not significantly better in their groups. The intestinal length (cm) expressed as per kg body weight was significantly lower in normal energy group supplemented with 20 and 40 mg CoQ10/kg of diet but the length was not affected by both the levels of CoQ10 in low and high energy groups. No reason could be assigned for reduction in intestinal length in normal energy diet supplemented with CoQ10. In normal energy, CoQ10 supplementation did not affect the ascites heart index whereas low energy diet with 40 mg/kg CoQ10 supplementation and high energy diet with 20 mg/kg of diet CoQ10 supplementation, ascites heart index was significantly reduced over the unsupplemented groups.
Cost effectiveness
The feed cost of the different experimental feeds and the cost of feeding per kg of gain of CoQ10 supplementation at different energy levels are presented in Table 7 .
The effect CoQ10 supplementation at different energy levels on feed cost per kg live weight gain was significantly low in high energy diet supplemented with CoQ10 at 20 mg/kg ( . 49.83) and highest in normal energy supplemented with 40 mg/kg ( . 56.16). The general trend was 20 mg/kg supplementation resulted in lower feed cost in all the three levels of energy over the corresponding energy unsupplemented and 40 mg/kg supplemented groups. However, only the low energy group supplemented with 40 mg/kg had lower cost of feeding than the corresponding energy unsupplemented group. Means with atleast one common superscript in a column do not differ significantly (P > 0.05). Means with atleast one common superscript in a column do not differ significantly (P > 0.05).
Discussion
Growth performance
The non-significance in body weight gain on CoQ10 supplementation were also recorded by Geng et al. (2004a) in broilers, Honda et al. (2010) in growing chickens, Nakamura et al. (1996) using CoQ9 in broilers. However, Geng et al. (2007) reported that the broilers maintained at low environmental temperature (maximum temperature −15°C and minimum -12°C), had significantly higher weight gain with comparable feed intake and feed efficiency when 40 mg of CoQ10/kg of diet was supplemented. Similarly, Huang et al. (2011) reared birds at 22°C also observed better weight gain between 0 to 21 days of age at 20 or 40 mg/kg of diet CoQ10 supplementation but the growth rate between 21 to 42 days was comparable. Krizman et al. (2012) suggested that continuous supplementation (1 to 42 days) of CoQ10 improved the body weight over the unsupplemented group (where no mention of the rearing temperature was indicated). The studies by Geng et al. (2007) and Huang et al. (2011) were carried out under lower environmental temperature which predisposes pulmonary hypertension syndrome (PHS) which leads to ventricular hypertrophy. This ventricular hypertrophy leads to reduced blood supply to various body tissues; a CoQ10 supplementation significantly reduced the Means with atleast one common superscript in a column do not differ significantly (P > 0.05). Means with atleast one common superscript in a column do not differ significantly (P > 0.05).
ventricular hypertrophy (Table 6) , the higher growth rate may be observed. In the present study, the birds were not under lower environmental temperature, hence no significant difference in growth rate could be observed. The level of CoQ10 did not influence the production score in the present study. However, Nakamura et al. (1996) reported higher production score when CoQ9 was supplemented, where the supplemented CoQ10 reduced the ascites mortality over the control as production score is directly proportional to survival rate. However, in the present study there no mortality of birds due to ascites or any other causes, hence the production score did not vary significantly as compared to Nakamura et al. (1996) . The higher feed intake in low energy diet might be due to the bird's trying to meet its energy requirement or to meet the critical amino acids lysine, methionine as the diets are formulated to contain the same ratio of energy : lysine; energy : methionine (since low energy diets contain low percentage of lysine and methionine). The feed efficiency was significantly better in high energy than other energy levels which coincide with the observation of Corduk et al. (2007) . High energy diets to broilers help maximize energy intake and this higher energy intake maximizes the growth rate (Leeson and Summers 2001) . High energy diet fed group had the highest production score than the normal and low energy diet fed groups. The higher production score might be due to higher body weight gain and better feed efficiency because the survival rate was uniform among all the groups.
Slaughter parameters and ascites heart index
The reduced relative heart weight (g/kg of body weight) was reported even at 20 mg/kg of CoQ10 by Huang et al. (2011) as his study was carried out at minimum temperature range of 19.69 to 22.21°C, the right ventricle to total ventricle (RV/TV) was reduced by CoQ10 supplementation; hence the heart weight had reduced. This might be due to that CoQ10 offer some protection to cardiac myocytes of chicken as explained by Azuma et al. (1985) . However, the increase in relative heart weight at 20 mg/kg (Geng et al. 2004a , 2004b and Geng et al. (2007 may be due to better growth performance, predispose to pulmonary hypertension, right ventricular hypertrophy and hence the heart muscle mass might have increased. Similar reduction in AHI due to CoQ10 supplementation was also reported by Azuma et al. (1985) , Geng et al. 2004a , 2004b , Geng et al. (2007 , Huang et al. (2011) . The liver weight was significantly lower in low energy diet group similar to the observation of Cakir and Yalcin (2007) this might be due to enhanced lipogenesis in the liver (Router and Steele 1996; Swennen et al. 2006 , Kamran et al. 2008 ) of birds fed with normal and high energy diet. Ayorinde (1994) ; Leeson et al. (1996) ; Raju et al. (2004) ; Nahashon et al. (2005) found that the per cent of abdominal fat was significantly increased as the dietary energy level increased. More fat deposition, due to the conversion of surplus energy to triglyceride and stored in adipose tissue as stated by Crespo and Gracia (2002) . The widening of dietary calorie: protein ratio is also known to increases fat deposition in broilers. In the present study, increased abdominal fat in low energy diet has resulted even when the calorie: protein ratio was same in all treatments. The studies of Mateos et al. (1982) carried out with high fat supplemented ration were reported to reduce the intestinal tract length. This might be due to reduced rate of food passage in the gastro-intestinal tract when compared to birds fed without/less fat.
Conclusion
There is no significant effect of coenzyme Q10 as such in growth performance, slaughter parameters and cost Means with atleast one common superscript in a column do not differ significantly (P > 0.05).
effectiveness in broilers. The dietary supplementation of CoQ10 at 20 mg/kg in high energy diets leads to better body weight gain, feed efficiency and cost of production which might be an indication of energy -CoQ10 interaction in the body which needs further experiments to explore this. doi:10.1186/2193-1801-3-518 Cite this article as: Gopi et al.: Effect of dietary coenzyme Q10 supplementation on the growth rate, carcass characters and cost effectiveness of broiler fed with three energy levels. SpringerPlus 2014 3:518.
